This state-of-the art VHF/UHF direction finder is easy to build, and it uses 


only three ICs! 


The N@GSG Portable 
Radio Direction Finder 


den transmitters. Many clubs 

have organized foxhunts several 
times a year. Besides being fun, fox- 
hunting is great practice for preparing 
participants for situations in which real 
skills are needed, such as locating lost 
hikers, downed aircraft, and interfering 
carriers on repeater input frequencies. 

The frequency, terrain, and size of the 
area to be searched ail influence the 
choice of direction-finding technology. 
Many times several direction-finding 
methods must be used to find an RF 
source. Large areas (more than one 
square mile) are best searched from a 
moving vehicle using dedicated equip- 
ment mounted on the vehicle. 

The general area of a transmitter 
often can quickly be located while dri- 
ving, but many times the actual trans- 
mitter will not be visible from the vehi- 
cie. However, the search area has at 
least been reduced to a walkable size. 
A portable direction finder then will point 
the way. 

For VHF and UHF hunting, direction- 
finding based on Doppier frequency 
shift can be very effective in locating 
transmitters, especially in close quar- 
ters. Using directional antennas poses 
a problem when approaching a trans- 
mitter; when signal strength is high, the 
receiver may pick up signals leaking 
through its cabinet and connecting 
cables, which makes it difficult to get an 
accurate bearing. Using the Doppler 
frequency shift eliminates the depen- 
dency on signal strength, which effec- 
tively will allow the hunter to walk right 
to the source! 

The N@GSG portable RDF (photo A) 
uses two antennas that are switched 
alternately at a frequency of 1 KHz. This 
produces the effect of a rotating anten- 
na. When both antennas are equidis- 
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Photo A~ The N9GSG porta 


tant from the RF source, there is no 
phase difference between the signal 
from the antennas, and the receiver pro- 
duces no audible tone; a null is pro- 
duced, and the hunter is either walking 
directly toward or away from the RF 
source. When either antenna is closer 
to the source, it produces a signal that 
is slightly ahead or “leading” in phase 
compared to the other antenna. This 
results in a 1 kHz phase-modulated 
tone being placed onto the incoming 
carrier (remember, the antennas are 
being switched alternately at a 1 kHz 
trequency). An attached FM receiver 
will demodulate this as a 1 kHz audio 
tone. The phase of the audio tone will 
be either 0 or 180 degrees, indicating 
which antenna is closer to the RF 
source (and also indicating which way 
the hunter should walk). 

Two microprocessors direct ail the 
activity within the direction finder. One 
generates the antenna and filter timing 
signals, and the other analyzes the 
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phase of the incoming audio signal from 
the receiver. There is only one calibra- 
tion adjustment (a switch), and the cir- 
cuit is insensitive to the volume level 
from the receiver. The unit will operate 
for more than 10 hours from a 9V tran- 
sistor-radio battery. 


Circuit Description 


Fig. 1 is the schematic diagram of the 
unit. There isn’t much there! U2, an 
Atmel AT90S1200A, generates three 
timing signals: ANT7, ANT2, and 100 
KHZ CLK. The ANT? and ANT2signals 
alternately go high to switch the anten- 
nas at a 1 kHz rate as shown in fig. 2. 
The ANT? and ANT2 signals are 
shaped by R19, C16, R20, C17 before 
driving PIN switching diodes D2 and D5. 
D2 and D5 are wired differentially: 
When D2 is forward biased (through R6 
and R7), D5 is reverse biased through 
R9 and R11. This is important because 
the PIN diodes must be reverse biased 
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Notes: 


1. R18/C15 must be located as close to U2 as possible 
These parts bandlimit the 100 KHz clock 


2 RF switching circuitry (D2, D5, etc) must be over a 
solid RF ground plane on board. 


to assure good isolation when they are 
in the “off” state, especially in the pres- 
ence of a strong RF signal. Capacitors 
C5 and C7 couple the RF signals from 
the antennas, while C6 and C8 couple 
the switched RF to the receiver. 

The receiver audio input (containing 
the 1 kHz audio tone) is coupled into a 
loudspeaker and the audio filter IC (U4) 
through C12. U4 is a monolithic 
switched-capacitor filter configured as 
a band-pass with a center frequency of 
1 kHz. The center frequency of the fil- 
ter is controlled by the 100 kHz clock 
fed to it from U2, so the filter's center 
frequency exactly tracks the switching 
frequency of the antennas. The filter 
has a very narrow bandwidth (about 5 
Hz), so only the 1 KHz audio tone pass- 
es out on U4 pin 2. 

The recovered 1 KHz audio tone from 
U4 is passed to U3, a second 
AT90S1200A microcontroller, through 
DC blocking capacitor C9. The signal is 
applied to the analog comparator input 
of U3 (pin 12), which is biased to Vcec/2 
by R3 and R5. Hysteresis for the com- 
parator is provided in software through 
port pin PD5 (pin 9) and resistor R10. 
The software contained in U3 analyzes 
the phase of the incoming audio signal, 
comparing it to the signal from either 
ANT1 or ANT2, depending on the posi- 
tion of the POLARITY switch (which 
allows different receivers to be used). 
U3 displays the result on LEDs D3, D4, 
D6, and D7. 


Constructing the Unit 


Construction of the main unit is non-crit- 
ical. The prototype unit is constructed 
using experimenters perforated board 
with point-to-point wiring. Use good 
grounding practice: use only one heavy 
ground bus on the circuit board. All ICs 
should be in sockets; do not insert the 
ICs into their sockets until all soldering 
is completed. Make sure that R18 and 
C15 are located close to U2. These 
components soften the 100 kHz clock 
waveform to reduce RF interference. 
D2 and D5 are Motorola type 
MPN3700 PIN switching diodes. Com- 
mon 1N914/1N4148 diodes may be sub- 
stituted at the cost of reduced receiver 
sensitivity. Do not use rectifier diodes 
(such as 1N400x types) for D2 and D5! 
Shielded cable must be used for all 
RF connections. RG174 or similar 
“mini” 50 ohm cable is quite suitable. 
The antenna cables can be wired 
directly to the circuit board, eliminating 
J3 and J4 (This method is used in the 
prototype.). For best results, both 
cables should be equal in length and no 
longer than necessary. The top half of 


each dipole should be “hot,” and the bot- 
tom of each dipole should be “shield.” 

U2 and U3 are the same micro- 
processor (Atmel type AT90S1200A) 
but have different programming. They 
can not be interchanged! 

Photo B shows the interior of the pro- 
totype, which has been constructed with- 
in an old Hayes modem enclosure (the 
small board on the right contains the indi- 
cator LEDs). Note that the RF switching 
circuitry (upper left) is isolated from the 
rest of the circuitry on a small piece of 
copper-clad PC board. This allows the 
BNC connector for the receiver RF out- 
put to be mounted directly to the ground 
plane tor good RF performance. 

The antennas are standard FM re- 
ceiver broadcast units mounted onto a 
small piece of scrap PC board, which is 
in turn mounted into the slotted end of a 
PVC pipe. The shield ground of each 
coaxial cable should contact the bottom, 
or downward, facing antenna. Photo C 
shows the detail of each antenna’s 
mounting method; fig. 3 shows the over- 
all antenna construction information. 


On-Bench Checkout of the Unit 


Static Checkout. Remove all ICs from 
their sockets and apply power (9V— 
12V). Using a voltmeter, verify proper 
power supply (5V +0.1V) to U2 pin 20 
and U3 pin 20. Verify power supply at 
U4 pins 6,7.,8 (9V-12V unregulated). 
Verity bias at U104 pin 15 (4.5V-6V, 
half of the unregulated 9V-12V power 
supply). If all checks well, remove pow- 
er and install the ICs. 

Running Checkout. install all ICs and 
apply power. Do not connect the audio 


Fig. 2— Antenna-switching tim- 
ing diagram. 


input to the receiver. At this point, both 
the CENTER LEDs (D4 and D6) should 
be flashing about three times per sec- 
ond. If you do get this, congratulations. 
Both microprocessors are running and 
healthy! 


Using the Portable Doppler 
Direction Finder 


Turn on the receiver and tune it to the 
fox's frequency. Adjust the volume at 
least halfway up. Turn on'the direction 
finder. Adjust the receiver squelch as 
desired.- Extend the antennas on the 
direction finder. 


Special Parts, Main Unit 


U2, U3 — Atmel AT90S1200A microcon- 
troller, Digikey P/N AT90S1200-4PC-ND 
U1 - LM78LO5 low-power regulator, 


Digikey P/N LM78LO5ACZ-ND 

U4 — National MF-10 switched capacitor 
filter, Digikey P/N MF10CCN-ND 

D2, D5 — Motorola MPN3700 PIN diode, 
Allied Electronics P/N MPN3700 


Photo B— Inside view of prototype main unit. 
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Ali material is 1/2” CPVC. 
Glue together using CPVC Slot for antenna 
cement mounting board 


r 
) Handle - face 
1 downward, about 


Drill two places to mount 7” (177.8 mm) 1 7" (177.8 mm) in 


to main unit. = 


Fig. 3— Antenna construction. 


The first time you use the direction finder with a particular Listen to the 800 Hz tone and watch the indicator LEDs. The 
receiver, check the setting of the POLARITY switch. Pointthe © RIGHT and LEFT LEDs light to indicate the correct direction 
direction finder toward a known RF source. If you turn right for walking. The CENTER LEDs flash when your bearing to 
of the bearing to the source, the /eft LED indicator should the transmitter is true (or if there is no signal). You will also 
light. If you turn /eft of the bearing, the right LED indicator notice that the 800 Hz tone nulls when you're either facing 
should light. If this relationship is wrong, move the POLARI- directly toward or directly away from the fox. 

TY switch to the opposite position to correct the problem. You can determine if you're going the wrong way when 


12 12 Years of Leadership 


Join the Force 12 Performance Team 
We continue to be the performance leader, no “fluff”! 
Buy Force 12 — Buy the Best! 


Antennas and Towers 
Force 12, the originator of high pertormance MULTI-MONOBAND™ no-trap and 
no-log cell Yagis and Verticals ("if its riveted, it’s a Force 12") now brings you: 


NOBT, “Dr. Tom” delivering Force 12's new baby, the XR- The XR “5 « Sig ma © 
> 20-17-15-12-10 mtrs Series 
a | one feed line bd 
t 7 Vertical 
> 10 full size elements Dipoles 


> full band coverage For all 


> No traps, no log cells bands 80 


XR-5 . : through 6 
S-bands, 1 feed line ey al meters & 
ate : > 54 pounds, 8.5 saft multi-band 


See our comprehensive web site : Product Information; Flag Poles; Customer's - © 
Antennas; Clubs; DXpeditions; tech tips: Debugging an Antenna, Antenna Specs, Sigma-5 
Antennas Testing and Tuning; and much more: www.force12inc.com > 5 bands, 7 pounds 
> 2' sections, no-toois 


Force 12 = Anything Else is Just an Antenna! > no radials, pre-tuned 


E-mail force 12e@lightlink.com Join the Force 12 Reflector — e-mail force12e@lightlink.com > true vertical dipole 
Bea 
Force 12, Inc. PO Box 1349 Paso Robles, CA 93447 > 90% efficient 
Order Line 1.800.248.1985 Tech Line 1.805.227.1680 FAX 1.805.227.1684 
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SATELLITE SYSTEMS 
For OSCAR 


Automate Doppler Tuning & Antenna Steering 


Uni-Trac 2000 

. Automatically tunes your radios, In REAL 
TIME, to track the Doppler changes. 

. Outputs steering data to your antenna 
rotator to track a satellite across the sky. 

. Includes custom Interface Cable to suit 
your station equipment. 

. Uses one “printer” port, no “serial” port. 

« Uni-Trac 2000 with Interface Cable $260. 


For WEATHER 


Track sun-shine, clouds and hurricanes. 


TimeStep Weather Systems 
» Measure land & water temp in IR images 
* Standard APT/GOES “‘starter” systems 


¢ 1.1 KM high Resolution systems for 
NOAA HRPT and Feng-Yun CHRPT 


VHF & UHF Filters 


Filters for 137 MHz through 2500 MHz 
* Band Filters & ATV Channe! filters 

¢ Attenuate “out-of-band” interference 

* Define your Vestigial ATV Sideband 

* 2M Low Pass filter for OSCAR mode-J 


Call, write or e-mail for details 
oncos) Shipping FOB Concord MA 
: ’ Prices Subject To Change Without Notice =) 
SPECTRUM INTERNATIONAL, INC. 
@ P.O. Box 1084, Dept. Q 
Concord, MA 01742 USA 
Phone 978-263-2145 


Fax 978-263-7008 
spectrum@spectrum-intl.com 


K-Y Filter 
Company 


3010 Grinnel Place 
Davis, CA 95616 
Tel: (530) 757-6873 


K-Y modem/telephone RFI filters are truly 
superior! 


Please visit us at: 


http://www.ky-filters.com/am.htm 
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Photo C— Antenna-mounting detail. 


hunting. If you turn left of null and the RDF unit tells you to 
turn left more, do what the unit says and you'll find yourself 
walking in the correct direction to the RF source. You also 
can use your receiver's signal-strength indicator as a rough 
indication of distance to the source. 

If both the LEFT and RIGHT direction LEDs light at the 
same time, the battery is weak and should be replaced. (The 
direction finder needs at least 8V DC to work properly.) 


Foxhunting Hints 


One of the first things new hunters learn is that the world of 
RF is a very dirty place. RF signals rarely travel in a straight 
line between transmitters and receivers; radio waves reflect 
off anything and everything along the way! When walking with 
a portable direction finder, you will notice that the bearing to 
the source almost constantly seems to vary as you move. 
This is completely normal and can be very frustrating if you 
don't know how to deal with it. 

The best bearing information is obtained when the hunter 
is in a clear location at a high elevation. If you are not getting 
a clear bearing to the RF source, try moving to a clearing 
(preferably on a hill). Even if the fox is hiding deep in the 
woods, you will get a good bearing this way. 


Listen carefully to the quality of the signal coming from the | 


speaker. When the tone is clean and pure, the RF signal being — 


captured by the receiver is most likely to be coming to you by 
line-of-sight, indicating a true bearing to the fox. Multipath sig- 
nals sound raspy and distorted, and these bearings should be 
treated with suspicion. Sometimes you will not be able to get 
a clean signal at all. In this case, move to a cert pets 
erably higher) location and try again. 

Don't forget that you can still use signal strength as agen- 
eral indicator. If the fox signal keeps getting stronger, that’s 
a good indication that you are on the right track! 


Summary 

The portable direction finder can easily be built in a few 
evenings. You'll find it to be a vatabie part of your direction- 
finding arsenal. With a little practice, you'll be hunting like 
a pro! 


Notes 


1. Preprogrammed ICs for U101 and U103 are available. 
Send $20.00 (check or money order) to Tom Wheeler, 11224 


Hoimes Road Room 208, Kansas City, MO 64131. nu 
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